The mineral content of swine hair was evaluated in two trials, each involving 192 crossbred pigs (barrows and gilts in trial 1 and boars and gilts in trial 2). At 60 to 70 days of age, the pigs were divided into fast and slow growth rate groups, based on daily gain from birth, and assigned to the following dietary treatments, as percentages of NRC recommendations for market hogs: (1) 100% Ca and P, (2) 125% Ca and P, (3) 100% Ca and 125% P and (4) 100% Ca and 75% P. Initial and final hair samples were clipped from the right side of the pigs. Some sex-related differences in the mineral content of the hair were observed, but differences were usually not consistent from initial to final sampling and from trial to trial. With the exceptions of Cu, which was lower for the fast growth rate group in both trials, and P, which was lower for the same group in trial 2, the mineral content of final hair samples did not differ between growth rate groups. The P content of hair was increased when 125% P was fed with 100 or 125% Ca but was not depressed when 75% P was fed with 100% Ca;the Ca, Mg, Cu, Fe, Na and K contents were not consistently affected. The Zn and Mn contents were not depressed when high Ca and P levels were fed, but the Zn and Mn contents were increased when the low P level was fed. High positive correlation coefficients (r>.7) were observed between the Ca, Mg, Na and K contents of hair; 1Appreciation is expressed to Charlie Babb, Carl Eure and Paul Boone for feeding and caring for the pigs and for collecting hair samples; to Cindy Atkins for typing the manuscript; to Dr. K. H. Hinkelman and Bill W, oodall for statistical analysis, and to SmithDouglass, Division of Borden Chemical, Borden, Inc. for partial financial support.
The mineral content of swine hair was evaluated in two trials, each involving 192 crossbred pigs (barrows and gilts in trial 1 and boars and gilts in trial 2). At 60 to 70 days of age, the pigs were divided into fast and slow growth rate groups, based on daily gain from birth, and assigned to the following dietary treatments, as percentages of NRC recommendations for market hogs: (1) 100% Ca and P, (2) 125% Ca and P, (3) 100% Ca and 125% P and (4) 100% Ca and 75% P. Initial and final hair samples were clipped from the right side of the pigs. Some sex-related differences in the mineral content of the hair were observed, but differences were usually not consistent from initial to final sampling and from trial to trial. With the exceptions of Cu, which was lower for the fast growth rate group in both trials, and P, which was lower for the same group in trial 2, the mineral content of final hair samples did not differ between growth rate groups. The P content of hair was increased when 125% P was fed with 100 or 125% Ca but was not depressed when 75% P was fed with 100% Ca;the Ca, Mg, Cu, Fe, Na and K contents were not consistently affected. The Zn and Mn contents were not depressed when high Ca and P levels were fed, but the Zn and Mn contents were increased when the low P level was fed. High positive correlation coefficients (r>.7) were observed between the Ca, Mg, Na and K contents of hair; 1Appreciation is expressed to Charlie Babb, Carl Eure and Paul Boone for feeding and caring for the pigs and for collecting hair samples; high positive coefficients (r>.4<.7) were observed between the Mn content and the P, Ca, Mg, Fe, Na and K contents;significant low positive coefficients (r<.4) were observed between the P content and the Ca, Mg, Cu, Fe, Na and K contents, and between the Cu and Mn contents; significant low negative coefficients (r<-.3) were observed between the Zn content and the Ca, Mg, Na and K contents. The results show that the mineral content of hair can be influenced by the dietary level fed but that the class of mineral and level of other minerals can influence the response. With our present knowledge, the use of the mineral content of hair in assessing the mineral composition of an animal appears to be of limited value. (Key Words: Swine, Phosphorus, Hair, Minerals.)
Introduction
Human and animal clinicians continue to search for a biopsy material that is stable and easily acquired, transported, stored and analyzed, and which reflects the nutritive status of the subject or animal in question. Hair has been proposed as such a material and has been studied more extensively in humans than in livestock. Flynn (1977) suggested that the mineral content of hair has potential for use in the monitoring of mineral status of animals. Hair, although not responsive to acute changes in mineral intake, does respond to variations in available minerals (Flynn, 1977) . However, Bate (1966) pointed out that hair also absorbs certain elements on its surface. Klevay (1973) reported that hair analysis has been applied to two classes of elements: the essential minerals, such as Zn and Cu, and heavy metals that could represent a health hazard, such as As, Pb and Cd.
The concentration of essential minerals in 1060 JOURNAL OF ANIMAL SCIENCE, Vol. 52, No. 5, 1981 human, cattle and swine hair has been reported to be influenced by age, sex, season, breed, color and body location (Anke, 1965; Klevay, 1972; Hennig et al., 1978; Combs et al., 1979) . The influence of diet on the concentration of essential minerals in hair is of considerable interest, but few controlled studies have been reported (Combs et aL, 1979) . Most studies reported have evaluated Zn and Cu and findings are conflicting (Klevay, 1970; McBean et al., 1971) .
The purpose of this research was to evaluate the effects of dietary Ca and P and the influence of growth rate from birth to 60 to 70 days of age on the P, Ca, Mg, Cu, Fe, Zn, Mn, Na and K contents of hair from gilts and barrows or boars.
Experimental Procedures
One hundred and ninety-two barrows and gilts (trial 1) and 192 boars and gilts (trial 2) from slow and fast growth rate groups, based on gain from birth to 60 to 70 days of age, were used to evaluate the following dietary Ca and P combinations: (1) 100% NRC (1973)-recommended Ca and P levels for barrows and gilts, (2) 125% Ca and P, (3) 100% Ca and 125% P and (4) 100% Ca and 75% P. Management, diets and allocation to treatments have been described previously; animals were the same as those used by Thomas and Kornegay (1981) .
Initial and final hair samples were clipped from the right side of the pig. The hair samples were stored in plastic bags at room temperature until analyzed. Sample preparation consisted of washing the hair in 10% Tween 80 and rinsing thoroughly with distilled, deionized water and then drying at 70 C in a forced-air oven before wet ashing. Ca, Mg, Cu, Fe, Zn, Mn, Na and K were determined with an atomic absorption spectrophotometer 4. P determinations were made colorimeterically according to AOAC (1965) methods. Laboratory procedures for serum minerals were described by Kornegay and Thomas (1981) .
Data were analyzed for statistical significance by multivariate analysis of variance procedures, with individual values used as the experimental unit. Duncan's (1955) range test was used to determine significant differences among main treatment effects. Correlation coefficients were obtained from the residual sums of squares and sums of products. Thus, coefficients were corrected for treatment effects.
Results and Discussion
Sex. In trial 1 (table 1), comparing barrows and gilts, the following differences were found: higher content of Zn (P<.01) and Na (P<.05) in initial hair samples from barrows, higher (P<.01) content of Na and K in the final hair samples from barrows and higher (P<.01) Mn content in initial hair samples from gilts.
In trial 2 (table 2) , comparing boars and gilts, the following differences (P<.01) were observed: higher content of P, Cu, Na and K in initial hair samples taken from boars and higher content of Ca, Mg, Cu, Mn and Na in final hair samples from boars.
Hennig et al. (1978) reported no difference in the P, Ca, Mg, Cu, Fe, Zn, Mn, Na and K contents of hair from 42-day-old pigs (boars and gilts) and 40-to 110-kg market hogs (barrows and gilts). However, they reported higher contents of P, Mg, Cu, Fe, Zn, Mn, Na and K in hair from sows than in that from mature boars. Ca content was not different. Gershoff et al. (1977) reported that Zn and Fe contents of hair was higher for boys than for girls (1 to 10 years of age). Cu and Mg contents tended to be higher for boys, but the differences were not significant. Klevay (1970) found a higher Cu content in female hair than in male hair (31 vs 22 ppm) when subjects were over 8 years old. He also reported a significant decrease in the Cu content of hair in the first decade of life (44 to 16 ppm).
A comparison of hair values observed in the present study with those reported by Hennig et al. (1978) for 40-to 110-kg barrows and gilts reveals the following: similar Ca, Mg (except for higher initial values in trial 2), Cu and Zn values; lower P and higher Fe, Mn and Na values in the present study, and higher and lower K values in the present study.
In trial 2, values for Ca, Mg, Cu, Na and K seemed to be lower at the final sampling than at the initial sampling, whereas values for P, Fe, Mn were similar. Zn values appeared to increase from the initial to the final sampling. These differences were not as evident in trial 1. A review of the data reported by Hennig et al. 1978) shows that the Ca content was higher for 40-to ll0-kg barrows and gilts than for 42-d~y-old boars and gilts, but that P, Mg, Cu, Fe, Mn, Na and K contents were lower for the older pigs. Zn content was similar. The differences between our study and theirs could be a reflection of differences in dietary levels fed and ages of pigs at the two research centers. Growtb Rate. In trial 1, the initial Fe and Zn contents of hair were significantly lower for the fast than for the slow growth rate group (table 1). At the final sampling, only the Cu content was lower for the fast group. The magnitude of the differences was small. In trial 2, initial P, Ca, Me, Cu, Fe, Na and K contents and final P and Cu contents were lower (P<.01) for the fast than for the slow growth rate group (table 2) .
Dietary Ca and P. In both trials, the P content of hair was higher for pigs fed 125% P with 100 or 125% Ca than for pigs fed 100% Ca and P (tables 1 and 2). In trial 1, the P content of hair from pigs fed 75% P was equal to that of hair from pigs fed 100% Ca and P, but in trial 2, pigs fed 75% P had a hair P content equal to that of pigs fed 125% P with 100 or 125% Ca.
In trial 2, values for Ca were higher for pigs fed 75% P and 100% Ca and lowest for pigs fed 125% P with 100% Ca. However, although the differences were not significant, an opposite trend was observed for pigs fed 125% P and 100% Ca in trial 1. The Mg content of hair was unaffected by dietary Ca and P levels. Significant positive correlation coefficients were observed between the (1) Ca and Mg, (2) Ca and P and (3) Mg and P contents of hair (table 3); the strongest relationship was that between Ca and Mg (r:.92). Kite and Kornegay (1974) observed a higher Ca content in hair from sows kept for three parities and fed a daily intake of 15 g Ca and 15 g P than in hair from sows fed 15 g Ca and log P; the P content was not different. Hedges et al. (1976) reported that a high dietary Ca level (wide Ca:P ratio of 2.3:1)resulted in a higher Ca content in hair; however, the feeding of a high dietary Zn level reduced the Ca content of hair. In the present study, the Zn content of hair was not depressed when high dietary Ca and P levels (Ca:P ratio of 1,3:1) were fed, but was increased when the low dietary P level was fed. In trial 1, the Zn content of hair from pigs fed low dietary P was significantly different only from that of pigs fed the 125% P with 100% Ca, while in trial 2, the Zn content of hair was different only from that of pigs fed 100% Ca and P. Hedges et al. (1976) further reported that a high dietary Ca level did not significantly affect the Zn content of hair when a high dietary Zn level was fed; but that the Zn content of hair was lower when a higher dietary Ca level was fed with low dietary Zn levels. The dietary Zn levels (86 ppm) in the present study were similar to the high Zn levels (83 ppm) fed by Hedges et al. (1976) . The negative correlation observed between Ca and Zn content of hair is further evidence of the antagonism between Ca and Zn (table 3) . The Cu content of hair was not influenced by the dietary Ca and P levels fed in either trial. Hedges et al. (1976) reported no effect of dietary Ca on the Cu content of hair. The correlations between the Ca and Mg and the Cu contents of hair were very low. Significant low positive correlations between P and Cu were observed. Differences (P<.05) in the Fe content of hair were observed in both trials, but no consistent pattern was evident and the magnitude of the difference was small.
In both trials, the Mn content of hair was highest for pigs fed 75% P with 100% Ca. In trial 1, this value was significantly different only from that for pigs fed 125% Ca and P, while in trial 2, this value was different from that for pigs fed all other diets. The results suggest that a low dietary P level in the presence of a normal level of Ca (Ca:P ratio of 1.7:1) leads to a higher Mn content in hair. However, both Ca and P contents of hair were positively correlated with the Mn content of hair (table 3) .
The correlations between hair Cu and Fe and between Cu and Zn were low and significant only in one of the trials. The coefficients between Cu and Mn were significant in both trials but were low (r=.21). There appeared to be no relationship between the Fe and Zn contents of hair. O'Mary et al. (1970) reported increases in the Cu and Mn contents of cattle hair when dietary Cu levels were increased, but they found no significant correlation between the Cu and Mn contents of hair. Furthermore, they found no significant effects of dietary Cu on Na, Zn, Ca, P, Mg, Fe and K contents of hair. Hedges et al. (1976) reported that an increase in dietary Zn from 33 to 83 ppm increased the Zn content from hair from growingfinishing pigs; however, the Zn content of hair from sows was not affected even after five parities. The Cu content of hair was depressed in pigs fed higher dietary Zn levels. Kornegay (1973), like O'Mary et al. (1970) , reported an increase in the Cu content of hairbut no effect on the Zn and Fe contents --when dietary Cu levels were increased. They also observed that high dietary levels of Fe increased the Cu and Zn contents of hair but had no effect on the Fe content. A Zn deficiency in humans and livestock can reduce the Zn content of hair (Miller et al., 1966; Strain et al., 1966; Reinhold et al., 1968) . Na content of hair was not influenced by dietary Ca and P levels in either trial. The Ca and P content of hair was positively correlated with the Na content of hair. In trial 1, K level was not influenced by dietary Ca and P; however, in trial 2, there were significant differences, but these appeared to represent only differences observed at the initial sampling. Like Na content, the K content of hair was positively correlated with the Ca and P content of hair. The Na and K contents of hair were positively correlated.
With the exception of Zn, final hair mineral levels were significantly correlated with initial levels (table 3) .
Coefficients for the correlation of hair minerals with daily gain, serum minerals and bone parameters are presented in table 4. Although there were a few significant negative and positive coefficients, they were generally low (r<.3). If a particular characteristic such as the concentration of a mineral in hair is to be important in predicting the nutritive status of an animal, it must not only be highly related to dietary levels, but should also be related to the concentration in other tissues. In these trials, there was no relationship between serum Ca and P concentrations and hair Ca and P content. Metacarpal breaking load and ash were also unrelated to Ca and P content of hair. Klevay (1970) and McBean et al. (1971) reported no correlation between the Zn content of hair and plasma from adults and children. However, Miller et al. (1966) reported that the Zn content of hair from calves and goats reflected dietary Zn levels more consistently than did that of any other tissue. A review of data presented by Hedges and Kornegay (1973) suggests that, for Cu and Fe, liver is more sensitive to dietary changes than is hair. In sows fed two levels of Zn, serum was more responsive than hair, whereas in growing pigs, serum and hair appeared to be equally responsive (Hedges et al., 1976) .
The results of this study and other reports cited in this paper show that the mineral content of hair can be influenced by the dietary mineral levels fed, but that numerous factors as suggested below can influence the response. The class of mineral and level of other minerals must be considered, as they can be either complementary or antagonistic. Also, age of animal and nutritive status influences results obtained. Sex, season, breed, color and body location have also been suggested as factors that could influence the mineral content of hair (Anke, 1965; Klevay, 1972; Hennig et al., 1978; Combs et al., 1979) . Thus, the use of the mineral content of hair in the assessment of mineral status currently appears to be of limited value.
